4^. (amended) A user interface device engaged by a user for controlling a graphical 
cursor displayed by a host computer in communication with said user interface device, and for 
providing tactile feedback, said user interface device comprising: 

a planaV touchpad sensor able to detect planar user motion in an x-y plane, said touchpad 
sensor also able\o detect a degree of force or pressure applied to said touchpad sensor by said 
user in a z-directiork and 

at least one actuator operative to provide tactile sensations to said user, said at least one 
actuator controlled by software to generate said tactile sensations, said software controlling said 
actuator as a function of apposition of said cursor displayed by said host computer, and said 
software controlling said actuator also as a function of said detected degree of force or pressure 
applied to said touchpad sensoXin said z-direction. 



48. A user interface devicey as recited in claim 47 wherein said software increases the 
magnitude of said tactile sensations \n response to increases in the detected degree of force or 
pressure. \ 

49. A user interface device as recited in claim 48 wherein said tactile sensations simulate 
a sense of friction for the user. \ 

50. A user interface device as recited in claim 48 wherein said tactile sensations are 
associated with a simulated pen-tip drawing grJmhical objects or shapes upon a graphical display. 

51. A user interface device as recited in oJaim 47 wherein said actuator is also controlled 
as a function of the velocity of user motion in the xW plane. 

52. A user interface device as recited in cikim 48 wherein said tactile sensations are 
texture sensations. \ 

53. A user interface device as recited in claim 51 Vherein the feel of said texture to said 
user is modulated as a function of both the applied pressureVn the z-axis and the velocity of user 
motion in the x-y plane. \ 

54. (amended) A user interface device as recited ir\ claim 47 wherein said tactile 
sensations are deactivated when the user is not engaging said useAinterface with pressure above a 
predetermined threshold, \ 
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5\ A user interface device as recited in claim 47 wherein said degree of force or pressure 
in said z-dvrection is also used to control an indexing function of said user interface device, 

56. 5^\jser interface device as recited in claim 47 wherein said touchpad sensor senses a 
location of coi^k;t with a pointer meniber having movement controlled by said user. 

57. A user interface device as recited in claim 47 further comprising a linkage 
mechanism coupliW a user manipulatable object to said actuator, wherein said linkage 
mechanism allows said user motion of said user object in said x-y plane. 

58. A user interaace device as recited in claim 47 wherein said user manipulatable object 
is one of a mouse and a stylus. 

59. (amended) AViser interface device as recited in claim 47 wherein said touchpad 
sensor includes a planar ph&to diode. 



60. (amended) A useK interface device engaged by a user for controlling a graphical 
cursor on a display of a host computer in communication with said user interface device, and for 
providing tactile feedback, said user interface device comprising: 

a user manipulatable obje\jt contacted by a user and moveable by said user in an x-y 

plane; 

a planar touchpad sensor ablAto detect said motion of said user manipulatable object in 
said x-y plane, said touchpad sensor ^so able to detect a degree of force or pressure applied to 
said touchpad sensor by said user in a z-Mirection; and 

at least one actuator operative to provide tactile sensations to said user, said at least one 
actuator controlled as a function of a position of said cursor and as a function of said detected 
degree of force or pressure applied to said touchpad sensor in said z-direction. 



61. (amended) A user interface device as Kecited in claim 60 further comprising a control 
processor separate from said host computer, said control processor controlling said at least one 
actuator to output said tactile sensations, and wher^n data derived from said degree of force or 
pressure applied to said touchpad sensor is used by^said control processor, at least in part, to 
control said tactile sensations. 



Atty. Docket No. 1MM1P029B 



3 



PATENT 



6\ (amended) A user interface device as recited in claim 61 wherein said tactile 
sensations provided in said x-y plane of said user manipulatable object and include a damping 
sensation, a magnitude of said damping sensation being dependent at least in part on said data 
derived from sard degree of force or pressure. 

63. (amended) A user interface device as recited in claim 62 wherein said damping 
sensation created by s^d at least one actuator has a greater magnitude when said user is applying 
more pressure on said usfer object into said x-y plane and wherein said damping sensation created 
by said at least one actuatV has a lesser magnitude when said user is applying less pressure on 
said user manipulatable objeJtt into said x-y planar workspace, 

64. (amended) A useA interface device as recited in claim 61 wherein said tactile 
sensations include a friction sensation, a magnitude of said friction sensation being dependent at 
least in part on data derived from ssiid degree of force or pressure. 

65. (amended) A user interface as recited in claim 64 wherein said friction sensation 
created by said at least one actuator has a greater magnitude when said user is applying more 
pressure on said user object into said x\y planar workspace and wherein said friction sensation 



created by said at least one actuator has a lesser magnitude when said user is applying less 
pressure on said user manipulatable object iia said x-y plane. 

66. A user interface device as recited in claim 61 wherein said feel sensation is a texture 
sensation, the magnitude of said texture sensation being dependent in part on data derived from 
said degree of force or pressure. 

67. A user interface device as recited inVlaim 66 wherein the texture sensation created 
by said at least one actuator is stronger when saicl^ser is applying a greater amount of pressure 
on said user manipulatable object into said x-y plane and wherein said texture sensation created 
by said at least one actuator is weaker when said user is applying a lesser amount of pressure on 
said user manipulatable object into said x-y plane. 

68. A user interface device as recited in claim m wherein said user manipulatable object 
is a mouse, and wherein said touchpad sensor measures l)ow hard said user pushes down on a top 
surface of said mouse. ^ 

69. A user interface device as recited in claim 61 wherein said user manipulatable object 
is a stylus, and wherein said touchpad sensor measures how ^ard said user pushes down on said 
stylus. 
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Vo. (amended) A user interface device as recited in claim 60 wherein said control 
processonJimits said force output from said at least one actuator when said detected degree of 
force or pressure is below a predetermined threshold force. 



71. (amended) A method for providing tactile feedback, using a user interface device 
engaged by a user \ov controlling a graphical cursor displayed- by a host computer in 
communication with saici user interface device, the method comprising: 

detecting planar motion of a user manipulatable object in an x-y plane using a touchpad 
sensor; \ 

detecting with said toucmad sensor a degree of force or pressure applied to said touchpad 
sensor by said user in a z-directior^ and 

providing tactile sensations ro said user using at least one actuator of said user interface 
device, said at least one actuator beiirg controlled as a function of a position of said cursor and 
controlled as a function of said detected degree of force or pressure applied to said touchpad 
sensor in said z-direction. \ 



72. A method as recited in claim 71 wOierein the magnitude of said tactile sensations is 
increased in response to increases in the detectedViegree of force or pressure. 

73. A method as recited in claim 71 wherein said tactile sensations simulate a sense of 
friction for the user. \ 

74. (amended) A method as recited in claim 7lVvherein said at least one actuator is also 
controlled as a function of the velocity of user motion in me x-y plane. 

75. (amended) A method as recited in claim 7l\wherein said tactile sensations are 
deactivated when the user is not engaging said user \nterface with pressure above a 
predetermined threshold. \ 

76. A method as recited in claim 71 wherein said degred of force or pressure in said z- 
direction is also used to .control an indexing function of said user interface device. 
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